Assessment of the role of an omega loop of cholesterol oxidase: a truncated loop mutant has altered substrate specificity.
The function of an active site loop (70-90) of cholesterol oxidase has been ascertained by deleting five contiguous residues (79-83) from the tip of the loop. From the crystal structure of the wild-type enzyme, it appears that this truncation will not significantly perturb the structure of the rest of the enzyme. The UV/vis and CD spectra of the mutant confirm that the enzyme is properly folded with FAD bound. The mutant enzyme still transfers 2H from the 4beta-carbon of the intermediate, cholest-5-en-3-one, to the 6beta-carbon of the product, cholest-4-en-3-one, during isomerization. The kcat/Km of the mutant is increased 6-fold with dehydroepiandrosterone as substrate. Thus, the enzyme is still catalytically active after deletion of the five loop-tip residues. With micellar cholesterol, the kcat/Km of the mutant is decreased 170-fold relative to wild type. This suggests that the tip of the loop is necessary for packing with the "tail" of cholesterol and is responsible for substrate specificity at C17. Increased release of intermediate cholest-5-en-3-one in the mutant-catalyzed reaction is not observed. Truncation of the loop, therefore, does not affect the grip of the enzyme on the intermediate. With lipid vesicle substrates (egg phosphatidylcholine/cholesterol, 1:1), the initial velocity of the mutant is reduced 3000-fold. The binding affinity for the vesicles, however, is only reduced 2-fold. Consequently, the loop is not the primary determinant of binding affinity for vesicles. It is concluded that the loop is important for movement of cholesterol from the lipid bilayer. The tip residues form a hydrophobic pathway between lipid membrane and active site to facilitate movement of substrate and product in to and out of the active site.